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Abstract 
A new poly-silicate coagulant named poly-aluminum-calcium-silicate sulfate coagulant (PACSS) was prepared to 
effectively eliminate suspended solids and organic matter in the wastewater. It was prepared by calcium carbide 
residue, sodium silicate, aluminum sulfate and sulfate as raw materials. The effects of silica acid activation pH, poly-
condensation reaction time, mass fraction of SiO2, molar ratio of Al/Si and molar ratio of Ca/Si on the coagulant 
preparation were studied. The optimal preparation conditions of this coagulant are as follow: the silica acid activation 
pH is 2; the poly-condensation reaction time is 1h; the mass fraction of SiO2 is 6%, the molar ratio of Al/Si is 0.8; the 
molar ratio of Ca/Si is 0.5 and the curing time is 6h. The results indicate that the removal rates of turbidity and 
CODCr of wastewater can reach up to 96.2%, 84.3% respectively. PACSS coagulant has a better coagulation effect 
compared with aluminum (AS) and polymeric aluminum sulfate (PAC).  
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1.  Introduction  
In the water treatment industry, poly-silicate coagulants are inorganic polymer ones which are 
prepared by introducing metal ions into poly-silicate solution. In the late 80s of last century, Handy 
Chemicals in Canada developed the polymer aluminum sulfate coagulant that containing a small amount 
of silicon firstly and implemented the combination of poly-silicate and metal salts successfully [1]. In the 
early 90s of last century, Hashimoto [2] studied synthesis method of poly-silicate coagulants. The 
research about poly-silicate coagulant began in the early 90s in China. Poly-silicate and calcium 
compound PAC-type iron (SCPAFC) which was used in treating the waste water of leather have been 
developed [3]. The water quality objectives after treated were up to the national emission standards. The 
similar researches about poly-silicate coagulants which were eliminating suspended matters and organics 
in wastewater have been taken [4-5]. Some researchers [6] found that polymer silicate composite 
flocculants through introducing two kinds of metal ions iron, magnesium or iron, calcium into silicate 
solution at the same time had an efficient effect to wastewater under certain conditions.  
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As can be seen above, the development and application of poly-silicate coagulants play an important 
on a variety of wastewater treatment but there still have deficiencies at the parts of the ability remove 
suspended matters and organics, degrees of polymerization and hydrolysis stability [7-11]. Therefore, it is 
particularly important to carry out new technology to prepare poly-silicate coagulants.  
The purposes of this study are to prepare that new type poly-silicate coagulant by introducing calcium 
and aluminum metal ions into silicate solution that fully polymerized and to investigate the ability of 
PACSS coagulant prepared from different silica acid activation pH, poly-condensation times, mass 
fraction of SiO2, the molar ratios of Al/Si, and the molar ratios of Ca/Si to treat the sewage. Its 
coagulation property is discussed in this paper, and the comparison between PACSS and PAC, AS 
coagulation is also discussed. 
2.  Materials And Methods 
2.1 Materials and Reagents  
Calcium carbide residue (Dry basis content to Ca (OH) 2 is 
84.12%),Na2SiO3·9H2O,Al2(SO4)3·18H2O,NH4Cl, NaOH, H2SO4(98%),PAC(10%),  and all reagents used 
were analytically pure chemicals.  
Test water sample: the sewage mill in Jilin, major water quality objectives are shown in table ĉ. 
TABLEI. The major water quality indicators of sewage 
Water quality Turbidity˄NTU˅ CODCr ˄mg·L-1˅ 
SS 
˄mg·L-1˅ pH 
value 46.4 500 161 7-8 
2.2   Preparation of PACSS 
Poly-silica acid solution was obtained by using sulfuric acid, sodium hydroxide solutions adjust the 
pH of sodium silicate solution, and the poly-condensation reaction time was controlled. Meanwhile, dried 
the carbide slag and purified it then obtained the extraction solution [12, 13].Then proper amount of 
aluminum sulfate solution and carbide extrication were added to the highly poly silicate concentration 
solution at room temperature and rapid stirring. Finally, PACSS coagulant was obtained through full 
mixing and curing. 
2.3  Coagulation Experiment 
The jar test procedure involved rapidly mixing at 200 rpm for 2 min, followed by slow stirring at 60 
rpm for 10 min and then 30 min of sedimentation. After sedimentation, supernatant samples were taken 
from a point 3cm below the water surface for analysis. 
2.4 Analytical Methods 
The pH value was monitored by a pHs-3C pH meter. The turbidity was determined by STZ-AII-type 
turbidity meter. The CODcr was monitored according to GB/T11914-89.Coagulation experiments are 
conducted with JBY-II-type flocculation stirring instrument. 
3.  Experimental Results And Analysis  
The influences of preparation technology about PACSS coagulant were obtained through early 
explorations. The several factors and its scope as follow, silica acid activation pH was 1-6, poly-
condensation reaction time was 0.0-2.0h, mass fraction of SiO2 was 2%-10%,the molar ratio of Al/Si was 
0.2-1.2,and the molar ratio of Ca/Si was 0.0-1.2, the curing time was 6h. Those would be investigated in 
order of primary and secondary factors that affect preparation technology. 
3.1 Coagulation Property of PACSS Coagulant 
It can be seen that the removal rate of CODcr and turbidity reached the highest at silica acid activation 
pH was 2. Although the removal rate of CODcr and turbidity was higher at its pH was 5-6 than that at pH 
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was 4, silica acid activation pH was the more closer to neutral the more became gel easily during the 
preparation of high poly-silicate acid. When the pH was 7, the high poly-silica acid became gel quickly. 
The stability of relatively high silica acid activation pH was poor and not suitable for practical production 
applications. Therefore, to determine silica acid activation pH was 2. 
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Figure 1.   Effect of silica acid activation pH. Conditions: T=25ć; poly-condensation reaction time= 0.5h; Ca / Si =0.7; Al / Si 
=0.8; SiO2% =6%; curing time =6h; dosage =37.5mg / L.  
As shown in Figure 2, adjusting different poly condensation reaction time of silica acid activation of 
PACSS coagulation during its preparation, the removal rates of CODcr and turbidity achieved its best 
value when the poly-condensation reaction time was 1h, but appear declining tendency in both of its sides. 
Therefore, to determine the best poly condensation reaction time was 1h. As the poly-condensation 
reaction time gradually increasing the degree of polymerization, molecular chain of poly silicate and 
capacity of sweeping gathered were all increased gradually, and the performance of alum was large and 
settlement velocity was fast. However, with the further increasing of degree of poly-silicate 
polymerization, the molecular chain of poly-silicate acid structure gradually transited to the network 
structure, eventually became gel, the volume of its sweeping aggregation processed by long-chain was 
restricted that lead to small alum, loose flocks and slow settlement. 
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Figure 2.  Effect of poly-condensation reaction times. Conditions: T=25ć; pH =2; Ca / Si =0.7; Al / Si =0.8; SiO2% =6%; curing 
time =6h; dosage =37.5mg / L.  
As shown in Figure 3, the impact on the CODcr removal rate was greater than that in turbidity 
removal efficiency under changeable conditions of SiO2%.That was due to the more mass fraction of SiO2, 
the more concentration of SiO2 solution, the more free silica, and the more polymerization opportunities. 
All in all, the hydroxyl chains of activated silicate acid existent growth trends, so that the three-
dimensional structure of poly- silicate and adsorption of colloidal destabilization were raised. However, if 
the mass fraction of SiO2 was too high, coagulation can be reduced by the power and ability of the 
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positive charge reduced in solution, not reach the desired effect coagulation. At the same time the stability 
of pharmacy was also affected by it. Therefore, to determine mass fraction of SiO2 was 6%. 
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Figure 3.  Effect of mass fraction of SiO2%. Conditions: T=25ć; pH =2; poly- condensation reaction time= 0.5h; Ca / Si =0.7; Al / 
Si =0.8; curing time =6h; dosage =37.5mg / L.  
The removal rate of CODcr increased and then decreased with increasing of the molar ratio of Al/Si. 
The reason was that the electrical neutralization of PACSS coagulation became weak after introducing a 
small amount of aluminum ions into poly-silicate solution. The capacity of sweeping aggregation and 
adsorption bridging action possessed by poly-silicate can be brought into fully play under the conditions 
that the content of aluminum ion  was appropriate and the suspended solids were destabilized through 
static neutralization that multi-core hydroxyl complex  which possessed positively charges . Thus the 
effects of PACSS coagulation were enhanced. Considering the removal rate of CODcr and turbidity, it 
was easily determine the molar ratio of Al / Si was 0.8.  
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Figure 4.  Effect of molar ratio of Al/Si. Conditions: T=25ć; pH =2; SiO2% =6%; poly-condensation reaction time= 0.5h; Ca / Si 
=0.7; curing time =6h; dosage =37.5mg / L.  
Adjusting different molar ratios of Ca / Si of PACSS coagulation during its preparation, the removal 
rates of turbidity and CODcr all were remained 90% and CODcr70% or more respectively. The molar 
ratio of Ca / Si must be balance the capacity of adsorption bridging possessed by poly-silicate salts and 
charge neutralization produced by hydrolysis of metal salts. As can be seen from Figure 5 that it was 
achieved the optimal values on the condition that the molar ratio of Ca / Si was 0.5.Under these 
conditions, the electric double layers were adsorbed and compressed by free Ca2+, Al3+ ions through 
electrostatic function and generated complex structures with water molecules respectively that damaged 
double layer. Thus, the hydrophobic property of particles’ surface was increased significantly and the 
coagulation effect was improved.  
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Figure 5.  Effect of molar ratio of Ca/Si Conditions: T=25ć; pH =2; SiO2% =6%; poly- condensation reaction time= 0.5h; Al / Si 
=0.8; curing time =6h; dosage =37.5mg / L.  
3.2 Effects of PACSS Coagulant for the Sewage Treatment  
As Figure 6 shown that the dosage of PACSS coagulant on the effect of sewage treatment, the 
removal rates of turbidity and CODcr were increased firstly, after that decreased with increasing of 
dosages. The optimal dosage was 50mg / L. At this point, the removal rates of turbidity and CODcr were 
as high as 96.2%, 83.5% respectively. As for PACSS coagulant, it does not have only the high charge, but 
the hydrolysis of poly-silicate which could produce large complex web structures. Therefore, it achieved 
an efficiently flocculation. 
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Figure 6.  Effect of dosages for the sewage treatment. Conditions :T=25 ; pH=ć 7.2 
Figure 7 Showed that the hydrolysis of calcium and aluminum ions was not sufficient under the pH 
value was less than 5 conditions and the electrostatic neutralization of multi-hydroxyl complexes with 
positively charged was not strong. These all resulted in poor stability of suspended solids. As the pH 
increasing, the sweeping aggregation and adsorption bridging action of poly- silicate can be brought into 
fully play. The efficiency of turbidity and CODcr treatment were fine at the pH from 6 to 9. Under weak 
alkaline or weak acid solutions, many monovalent silicate ions and the original silicate molecules were 
produced.  The reasons were monovalent silicate ions and the original silicate molecules were 
polymerized to form silicon atom models that were tetrahedrons. The polymers that formed above could 
be polymerized in all directions to form three-dimensional structures that possess branched chains, rings 
or reticular formations. Thus, PACSS possessed strongly ability of adhesive aggregation and bridging 
adsorption.  
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Figure 7.  Effect of pH for the sewage treatment. Conditions: T=25 ; ć dosage=37.5mg/L 
3.3 Comparison of CODcr Removal Rate among PACSS,PAC and AS. 
Figure 8 showed that the optimal dosage of PACSS coagulant was 37.5mg/L and its removal rate of 
CODCr for sewage was 80% or more, but the optimal dosage of PAC coagulation was 50mg/L and its 
removal rate of CODCr was 75% or less. The removal rate of CODCr about AS was worst, from 40% to 
50%. Good results about remove organic matters were achieved by introducing relatively low dosages of 
PACSS coagulant into sewage. The removal rate of CODCr PACSS coagulant declined when the dosage 
was greater than 62.5mg/L that was due to phenomena of re-produce colloidal stability. The effect of 
PACSS coagulant to remove organic matters in the sewage was better than that of PAC, AS. 
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Figure 8.  Effect of different dosages for sewage on the CODcr. Conditions: T=25 ; pH=ć 7.0; dosage=37.5mg/L  
Figure 9 showed that the turbidity removal rate with the use of three coagulants are all increased 
firstly and then decreased with the increasing of pH values. This is because the flock may have a small 
amount of decomposition and organic matters turn into humic acid salts at the acidic and alkaline 
conditions. Those lead to the turbidity removal efficiency is reduced. The turbidity removal rate was 
superior to PAC at pH range was 4.0-11.0; the average values remained at 80%. The appropriate pH 
range of PACSS coagulant was from 5 to10, which of polymeric aluminum was from 6 to 9. The reason 
is that there are traces of charges on the silicate particles surface in the wide pH range. These particles can 
be assembled into a chain collision, and form a network structure that have adhesion function for the 
suspended solids and colloids to format bigger Flocks.  
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Figure 9.  Effect of different pH values for sewage on the CODCr treatment. Conditions are as the same as Figure 8. 
4.  Conclusions 
(1) The new highly effective poly-silicate coagulant was synthesized with calcium carbide residue, 
sodium silicate, aluminum sulfate, and sulfate as raw materials. 
(2)The optimal coagulation pharmaceutical preparation conditions were determined: the silica acid 
activation pH was 2, poly-condensation reaction time was 1h, mass fraction of SiO2 was 6%, the molar 
ratio of Al/Si was 0.8, the molar ratio of Ca/Si was 0.5 and the curing time was 6h.  
(3) Under the optimal dosage, coagulation effects were obtained after the treatment of PACSS 
coagulant and the removal rates of turbidity and CODcr on sewage as highly as 96.2%, 84.3% 
respectively. 
(4) The applicable pH range of PACSS coagulant was from 5.0 to 10.0. Within this context, the 
removal rate of CODCr was better than PAC and AS under the same conditions.  
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